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An ATCA Observation of the Youngest Known Galactic 
SNR Gl.9+0.3 
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ABSTRACT 

We present an analysis of a previously unpublished radio-continuum observation of Gl .9+0.3 
which at an age of < 150 years is the youngest known in the Galaxy. The observations were 
made in 1993 using the Australia Telescope Compact Array (ATCA) at two 6-cm frequencies. 
We note two previously unseen blow-out structures in the north and south direcions. We esti- 
mate a flux density of 1.545 Jy, an outer diameter of ~ 80" and confirm an expansion rate of 
~ 0.65% per year between 1985 and 2008. No polarisation was detected in the radio emission 
from Gl.9+0.3 above the 1% level. We also present these previously unpublished results as a 
high resolution reference point from which to study the evolution of SNRs at times for which 
there is a gap in our knowledge. 
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1 INTRODUCTION 

It is widely accepted that current catalogues have a distinct deficit 
of young Galactic Supernova Remnants (SNRs), that is, SNRs 
<2000 years old, with only ~10 confirmed out of a predicted ~50 
( Ivan den Bergh & Tammannll99ll ; ICappellarol2003h . Of these con- 
firmed SNRs, Gl.9+0.3 is of particular interest as it is believed to be 
the youngest in the Mil ky Way at < 150 years old dRevnolds et al.l 
l2008l : lGreen et alj2008l) . 

Originally identified as a probable SNR by I Green & Gulll 

dl984l) at 4.9 GHz using the Very Large Array (VLA), Gl.9+0.3 
was described as a shell source with an approximate brightness 
slightly less than that of the Tycho and Kepler SNRs with a spec- 
tral index of ~-0.lQ. Using the Molonglo Observator y Synthesis 
Telescope (MOST) Galactic Survey data. iGravl (1994) confirmed 
the classification of Gl.9+0.3 as an SNR: the source was described 
as featuring a shell-lik e morphology in the radio with an estimated 
diameter of if 2. Later lLaRosa et all |2000) produced a 90-cm im- 
age of Gl.9+0.3 made with the VLA: those authors estimated the 
20/90-cm spectral index of the SNR to be -0 .93 ± 0.25 and the 
angular dia meter to be If 1 . iNord et alj ( 120041) revisited the data 
collected by lLaRosa et al.l d2000h and - through the application 
of superior data reduction te chniques - m easured the diameter of 
Gl.9+0.3 to be <l'. Finally. iGreenl d2004l) estimates the diameter 
of Gl.9+0.3 based on 1.49 GHz VLA observations made in 1985 to 



be of if 2. In short, multiple radio observations have confirmed that 
Gl.9+0.3 has the smallest angular diameter for a known Galactic 
SNR, indicative of its young age. 

Earlier this year (Green et all d2008l) reobserved G l.9+0.3 at 
4.86 GHz using the VLA after iRevnolds et al.l d2008l) used re- 
cent Chandra images to show Gl.9+0.3 had expanded significantly 
since 1985 and it's X-ray emission appeared to be purely syn- 
chrotron radiation. By comparing these new VLA observations 
with t he 1985 VLA observations made at 1.49 GHz Green et al. 
d2008l) determined that Gl.9+ 0.3 had expan d ed by 15% ± 2% 
over 23 years. Most recently, iMurphv et alj 12008) found that 
G1.9+0.3's flux density at 843 MHz increased by 1.22±^ % per 
year over the last two decades. 

In this paper we present our results of a previously unpub- 
lished 6-cm radio-continuum observation of Gl.9+0.3 made in 
1993 that was found on an examination of the Australia Telescope 
Compact Array (ATCA) database. It must be emphasised that this 
radio observation has the highest angular resolution of any other 
radio image of Gl.9+0.3 yet presented and does not suffer from the 
distorted beam shapes that are inherent in observations made us- 
ing the VLA when observing objects such as this, that are at low 
Declinations. We report on the morphology, expansion rate, age, 
diameter and polarisation properties of this SNR. 



* E-mail: a.dehorta@uws.edu.au 
1 Spectral index defined as S °= v Q 



2 OBSERVATIONS AND DATA REDUCTION 

Gl.9+0.3 was observed with the ATCA on 10 lune 1993 (Project 
C034; PI A. Gray) at two 6-cm bands centred on 4672 and 
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Table 1. Estimated flux density of the five regions of Galactic SNR 
Gl.9+0.3 defined in Fig. 1. 



17 h 48 m 48 s 46 s 44 s 

Right Ascension (J2000) 

Figure 1. ATCA 6-cm image of Galactic SNR Gl.9+0.3. The white circle 
in the lower left corner represents the ATCA's synthesised beam of 4". The 
red circle represents G1.9+0.3's peak radius of 3 1 "75 averaged over all 
angles (see Fig. [2). The inner blue circle represents Gl.9+0.3 's inner radius 
of 2 1 "5 (the radius at which the profile raises from the noise in Fig. [2}- The 
outer blue circle represents G1.9+0.3's outer radius of 40" (the radius at 
which the profile rejoins the noise in Fig.ff). 

5440 MHz with the telescope in 6A configuration. The observa- 
tions were done in so-called "snap-shot" mode, totaling ~1 hour of 
integration spread equally over a 12 hour period. Source 1934-638 
was used for primary calibration and source 1748-253 was used 
for second ary calibrati on. The MIRIAD jSault & K illeen 2006h and 
KARMA dGoochll2006h software packages were used for reduction 
and analysis. 

The final 6-cm image (Fig. 1) has a resolution of 4" and the 
r.m.s noise is estimated to be 0.2 mJy beam -1 . We acknowledge 
that this image may suffer from missing short spacings and incom- 
plete hour angle coverage. However, we argue that even with these 
shortcomings, the image is sufficient for initial morphological and 
comparative study. We also emphasise that this radio-continuum 
observation of Gl.9+0.3 is of the highest resolution currently avail- 
able. 



3 RESULTS 
3.1 Morphology 

In Fig.[T] we show our 6-cm ATCA image of SNR Gl.9+0.3. From 
this image we define five distinct regions; the main ring/shell of the 
SNR, composed of an eastern (E) and two western (Wl & W2) re- 
gions, and two possible blow-outs in the north (N) and in the south 
(S) directions beyond the main ring/shell. We emphasise that these 
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Figure 2. Galactic SNR Gl.9+0.3 shell profile averaged over all angles. 
Dashed line corresponds to a = 0.2 mJy beam -1 



two blow-outs have not been previously seen in any other images 
and further observation is required to determine their nature. 

Table [T] lists the estimated flux densities of the 5 regions of 
Gl.9+0.3 as defined in Fig. 2. We estimate the total flux density of 
Gl.9+0.3 at 6-cm to be the sum of the flux densities of the main 
regions that compose this SNR (that is, E, Wl and W2, with the 
'blow-out' regions N and S excluded) to be 1.545 Jy. This flux 
density is signific antly smaller (~50%) than the VLA estimates of 
iGreen et"al] l l2008l) . We can attribute this large difference to missing 
short spacings and poor uv covarge of the ATCA image. 



3.2 Expansion 

In considering whether or not we should be able to realistically 
detect and measure any expansion between the 1985/2008 VLA 
images and the 1993 ATCA image, we must first consider the reso- 
lution of the ATCA image. With a FWHM of 4" x 4" the resolution 
of the image is 1" per pixel ie. our measurements are good to ±0. 5. 
Assuming an approximate e xpansion rate of 0.6 5% per year (as av- 
eraged over 23 years - see IGreen et ail J2008h ). we would expect 
that the peak radius of Gl .9+0.3 should be ~ 3 1 "5 in 1993, given 
a 1985 peak radius of 30"< lRevnolds et ai1l2008l) . This corresponds 
to a difference of 1"5 between 1985 and 1993 which is within our 
limit of resolution and thus detectable and measurable. 

Using the same method and centr e (RA(J2000)=17 h 4 8 m 45?4, 
Dec(J2000)=-27° 10' 06") described in lGreen et all d2008l) we find 
that averaged over all angles, the shell profile of the 1993 ATCA 
image of Gl.9+0.3 peaks at a radius of 3 1 "75 (see Fig. Q] and 
Fig. [2J. This represents an expansion in the range of 4.2% to 
7.5% over eight years (or between ~0.52% a nd ~0.94% per year), 
once again using 30" (Rey nolds et al.ll2008l) as the peak radius of 
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Gl. 9+0.3 in 1985. These finding s support an approx i mate expan- 
sion rate of ~0.65% per year l Reynolds et alj|2008l iGreen et"al] 



2008) and also supports an age < 150 years. We find that the ve- 
locity of the peak was ~ 8700 ± 2400 kms~' in 1993, assuming a 
distance to Gl. 9+0.3 of 8.5 kpc. 

From the radial profile (see Fig. Q] & Fig. O we adopt fol- 
lowing diameter measurements corresponding to the epoch of the 
observation considered here (1993) for the purposes of future com- 
parison studies: 

• Inner diameter ~ 43" (measured from where the profile in Fig. 
2 rises above a = 0.2 mjy beam ; 

• Peak diameter ~ 63"5 (the peak in Fig. 2); 

• Outer diameter ~ 80" (measured from where the profile in 
Fig. 2 falls to a = 0.2 mjy beam -1 . 



3.3 Polarisation 

No polarisation was detected in the emission above the 1% level: 
this result is not totally unexpected due to the use of "snap- 
shot" mode in this observation resulting in low uv coverage. 
Murp h~et al.l d2008l) suggested that Gl.9+0.3 is undergoing a 
period of magnetic field amplification: therefore, future radio- 
continuum observations should be able to detect polarisation. 
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4 CONCLUSIONS 

We presented a 6-cm ATCA observation made in 1993 of SNR 
Gl.9+0.3. We use d this observation to co nfir m the estimates of ex - 
pansion made by [Reynolds et al.l d2008l) and IGreen et"aL I J2008h . 
We identified three structures that compose the ring/shell of the 
SNR as well as two previously unseen possible blow-outs in the 
north and south directions. We were not able to detect any signifi- 
cant polarisation above the 1% level. 

The observation presented here (and the accompanying re- 
sults) are significant in that, unlike most other previously published 
radio observations of this SNR, this observation was made from a 
radio telescope located in the southern hemisphere: this geographic 
location is better suited for observations of low Declination sources 
(like Gl.9+0.3) than telescopes located in the northern hemisphere. 
In fact, other published radio observations of this SNR that have 
been made with the VLA will suffers from distorted beam shapes 
that are inherent in VLA observations of objects located at low De- 
clinations. In addition, this observation helps to add to our knowl- 
edge of this particular SNR (which is now known to be extremely 
young) which in turn will help us constrain models of the early 
evolution of SNRs." 

We would like to emphasise the need for new higher resolution 
observations with better uv coverage in order to obtain a more com- 
plete understanding of G1.9+0.3's morphology (ie. possible blow- 
outs), as well as to more accurately determine the expansion rate, 
age and study its magnetic field structure. 
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